The bulbs of onion (Allium cepa L.) have long been used as food and dietary supplements in the treatment of various diseases. This study aimed to investigate anti-photoaging activities of fermented onions extract rich in flavonoids such as quercetin and isoquercetin. The fermented onions extract (FOE) effectively suppressed the melanin production by inhibition of tyrosinase expression in B16F10 melanoma cells at a concentration of 100 μg/mL. Besides, the FOE exhibited down-regulation of collagenase-1 expression and up-regulation of type I collagen level in UVB-irradiated HaCaT keratinocyte cells. Hyaluronic acid production was increased to 41.11% (10 μg/mL), 107.78% (100 μg/mL), and 146.67% (200 μg/mL) compared with the UVB-irradiated control by treatment of FOE. Therapeutic attempts with FOE might be useful in preventing or treating melanin pigmentary diseases and UVB-induced wrinkle formation.
Skin aging is divided into intrinsic/chronologic aging that occurs in the sun-protected skin and photoaging [1] . Photoaging of the skin is induced by the chronic exposure of the skin to solar ultraviolet (UV) irradiation. Clinically, photoaging is recognizable by uneven dermal pigmentation, loss of elasticity, and formation of coarse wrinkles [2] . Reduced dermal type I collagen, a major collagen in skin connective tissue, is a key feature of the pathophysiology of photo-damaged skin [3] . UV stimulation exerts the overexpression of collagenase-1 (matrix metalloproteinase-1, MMP-1) which degrades collagen type I as well as the repression of type I (1A1) collagen. Tyrosinase, the rate-limiting enzyme for melanin synthesis, is also known to play a crucial role in the photo-induced dermal hyperpigmentation [4] . Therefore, both collagenase and tyrosinase inhibitors have become increasingly important for the prevention and/or treatment of photo-aged skin as potential medicinal agents.
Allium vegetables including Allium cepa L. (onions), Allium sativum L. (garlic), and Allium schoenoprasum L. (chives) have been consumed as food for a long time [5] . Out of approximately 500 Allium species, onion bulbs have been routinely and traditionally used for medicinal purposes [6] . Phytochemically, the onion contains sulfur compounds and flavonoids as main constituents [5] . The edible portions of onion exhibited diverse biological properties such as antioxidant and anticancer activities [7, 8] . Fermented onions have been reported to have relatively higher levels of flavonoids such as quercetin and quercetin glucoside than the raw material [9, 10] . Regardless of high levels of flavonoids, the relatively limited biological data have been reported on the fermented onion. Besides, there has been no trial conducted to find anti-photoaging effects of fermented onions extract. The objective of the current research was to identify the tyrosinase and collagenase inhibitory activities of the fermented onions extract using B16F10 melanoma and HaCaT keratinocyte cells. The MTT cell viability assay resulted in no cell cytotoxicity after 24 h exposure of B16F10 cells to fermented onions extract (FOE) at the highest concentration of 100 g/mL. Depigmenting effects of FOE were investigated by measuring both the tyrosinase activity and the melanin formation in B16F10 murine melanoma cells. Alpha-melanocyte-stimulating hormone (-MSH) is known to stimulate normal melanocyte growth and cause dramatic increases in tyrosinase activity [11] . In our present study, tyrosinase protein level was elevated to 4.71 times that of the control after 24 h treatment of -MSH (2 Μ) (Figure 1 ). The -MSH-stimulated increase in tyrosinase activity was reversed by treatment of FOE.
When B16F10 cells were exposed to FOE (100 g/mL) for 24 h, protein level of cellular tyrosinase was markedly decreased to 65.82% compared with the -MSH control. Under the same condition, quercetin, as a positive control, attenuated the α-MSH-induced tyrosinase expression by 55.10% at a concentration of 10 Μ. Production of melanin is primarily regulated by the enzyme tyrosinase [12] . Many of the well-known skin depigmenting and lightening agents are tyrosinase inhibitors [13] . The ability of FOE to down-regulate the -MSH-induced melanin synthesis as strong tyrosinase inhibitor was further examined. A significant increase in the amount of melanin was induced by treating -MSH (2 M) ( Figure 2 ). In B16F10 cell-based assay, -MSH up-regulated the melanin contents up to 49.53% compared to the vehicle control (100%). Co-treatment with FOE suppressed α-MSH-stimulated melanogenesis by 39.25% at 100 g/mL. Destruction of dermal collagen has been considered as a hallmark of photoaged skin [14] . Exposure to UV radiation elevates the protein expressions of MMPs such as MMP-1, interstitial collagenase or collagenase-1, in human skin [15] . MMP-1 is known to initiate the degradation of type I collagen, the most abundant structural protein in skin connective tissue. Excessive levels of MMPs induced by UV cause loss of elastic and collagen fibers and eventually lead to the formation of skin wrinkles [16] . The FOE treatment didn't show any cytotoxicity on HaCaT keratinocyte cells at a dose of 200 g/mL (data not shown). The FOE inhibited UVB-induced MMP-1 expression dose-dependently in the concentration range of 10 g/mL to 200 g/mL as indicated in Figure 3A . In contrast, a considerable increase in collagen type I protein level was observed in response to 200 g/mL of FOE.
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It has been shown that the hyaluronic acid production was remarkably reduced by UVB irradiation up to 54.08% of control in the present study ( Figure 3B ). Hyaluronic acid plays important roles in keratinocyte proliferation and tissue regeneration as a major component of skin extracellular matrix [17] . Chronic UVB irradiation induces loss of hyaluronic acid from the dermis, thereby resulting in skin wrinkling and photoaging [18] . Treating HaCaT cells with FOE also significantly augmented UVB-induced intracellular hyaluronic acid levels by 41.11% (10 g/mL), 107.78% (100 g/mL), and 146.67% (200 g/mL) compared with the UVB-irradiated control. Taken together, FOE seems to suppress the skin wrinkling caused by UVB exposure through the modulation of collagenase-1, key enzyme of collagen degradation, and hyaluronic acid production. Fingerprint analysis and compound determination was performed using an established HPLC-MS method. The chemical profile is shown in Figure 4A for FOE and in Figure 4B In conclusion, the anti-melanogenic action of FOE was attributed to its ability to inhibit the protein expression of tyrosinase in -MSHstimulated B16F10 melanoma cells. The FOE possessed both type I collagen down-regulation and collagenase-1 up-regulation abilities in HaCaT keratinocyte cells. In addition, the hyaluronic acid [10] . In brief, onions, purchased from a local agricultural market, were ground, autoclaved (121°C, 5 min), and fermented with Saccharomyces cerevisiae in YM broth (3 g yeast extract/l, 3 g malt extract/l, 5 g peptone/l, and 10 g dextrose/l) for 3 days at 30°C. Sample was extracted with MeOH and evaporated under reduced pressure.
Cell culture and cytotoxicity test: Murine melanoma (B16F10) and human keratinocyte (HaCaT) cells were obtained from ATCC and cultured (5% CO 2 at 37°C) in DMEM supplemented with 10% FBS, 100 U/mL penicillin, and 100 μg/mL streptomycin. Cell viability was determined by the MTT colorimetric method based on the reduction of 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide to formazan by cellular dehydrogenase. Cells were incubated with various concentrations (50, 100, and 200 g/mL) of test sample for 24 h. MTT dye reagent was then prepared at 1mg/mL in PBS and added to each well for 4 h. The formazan crystals were dissolved in EtOH and DMSO (1:1) and detected at 560 nm using a SpectraMax M5 plate reader (Molecular Devices, Sunnyvale, CA).
Melanin content assay:
Melanin content assay was performed as previously described with slight modification [19] . The B16F10 melanoma cells were seeded at a density of 5 × 10 4 cells/mL in a 60 π-dish and incubated overnight. The cells were exposed to FOE or kojic acid for 24 h in the presence or absence of 2M -MSH. At the end of the treatment, the cells were washed with PBS and dissolved in 500 μL of 1 N NaOH for 1 h at 60 °C. The absorbance at 405 nm was measured using a microplate reader. The melanin contents in each sample were corrected by the protein contents of the samples.
Western blot analysis:
Protein expressions of tyrosinase, type I collagen, and collagenase-1 were determined by Western blot analysis. The B16F10 cells were treated with test sample and stimulated with -MSH (2 M) as described above. HaCaT cells were irradiated with single dose 10 mJ/cm 2 UVB for 6 h and then treated with vehicle or FOE (10, 100, and 200 μg/mL) for 24 h. Cell lysates (30 μg of protein) were loaded to SDS-PAGE (10% MiniProtean gel, BioRad, Hercules, CA) and transferred onto PVDF membrane. The membrane was blocked with blocking buffer (Invitrogen, Grand Island, NY) and incubated with primary antibody (anti-tyrosinase, type I collagen orcollagenase-1 rabbit polyclonal) overnight. The protein level was normalized with the level of β-actin.
Hyaluronic acid assay:
To determine whether FOE affects hyaluronic acid production, HaCaT cells in a 10 cm Petri dish were irradiated by UVB (10 mJ/cm 2 , 6 h) and further cultured with or without samples. UVB irradiation was carried out by means of a Crosslinker 800 series (GEX-800, UVP, CA, USA) 6 lamp, 8 watt units. Hyaluronic acid concentration was assayed according to the manufactures' instructions for Hyaluronan Assay Kit (Seikagaku Co., Tokyo, Japan). Absorbance at a wavelength of 490 nm in each well was measured by a microplate reader. Statistical analysis: Data were expressed as the mean ± S.D. Statistical analyses were performed by a one-way analysis of variance (ANOVA) using MS Excel (Microsoft Windows XP). P values less than 0.05 were considered statistically significant.
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